Background. to evaluate the association between plasma lipid fractions and the prevalence of dementia in a large sample of italian older individuals.
D
ementia is a common disease in older individuals living in western societies. in the past years, numerous studies have suggested the existence of a relationship between lipids metabolism and dementia. However, studies that explored the relationship between plasma lipids and dementia have reported conflicting findings. Some (1,2) but not all (3, 4) epidemiological studies suggested that elevated total cholesterol (tC) levels in the middle age might be a risk factor for dementia in late life. On the contrary, crosssectional studies have consistently reported an association between low tC levels and the diagnosis of dementia in the elderly subjects (5) (6) (7) (8) . High tC levels in late life have been associated with a decreased risk of dementia (9) (10) (11) ; consistently decreasing levels of tC have been associated with dementia in older individuals (12) (13) (14) .
Only a few studies have evaluated the association between dementia and specific lipoprotein fractions, such as low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and non-HDL-C. this is an important issue since apo B-containing lipoproteins (LDL-C or non-HDL-C) and apo a-containing lipoproteins (HDL-C) have "opposite" functions in human physiology and have been associated with a pro-and antiatherogenic profile, respectively. increased levels of LDL-C have been associated with alzheimer's disease (aD; 15, 16) , as well as dementia with stroke (17) , but other studies failed to confirm these associations (8, 18) . On the contrary, some evidence suggests that low levels of HDL-C or apo a-i might be associated with dementia in older individuals (19, 20) , and in particular with vascular dementia (21, 22) . accordingly, high HDL-C values appeared to be protective against dementia in some (23) although not all studies (24, 25) .
in the present study, we evaluated the association of different plasma lipid fractions with the prevalence of dementia in a large sample of italian community-dwelling older individuals.
Methods
this study is part of the "invecchiare in Chianti" (aging in the Chianti area, inCHianti) study, a prospective population-based study of older people, designed by the Laboratory of Clinical epidemiology of the inRCa, Florence, italy.
the study included 1,260 older participants (age 65-102 years), randomly selected from the residents in two towns of the Chianti area (Greve in Chianti and Bagno a Ripoli, tuscany, italy). the collection of the data started in September 1998 and was completed by march 2000. Sampling procedure and data collection method has been previously published (26) . the inRCa ethical Committee ratified the entire study protocol. a total of 105 participants were excluded as they refused to provide blood at baseline (enrolled 1155). they were older individuals (mean 79.9, SD 8.6 years), whereas no differences in sociodemographic characteristics emerged. Complete data about plasma lipoprotein profile and cognitive status were available only for 1,051 individuals. During the 3-year follow-up, 145 subjects died, whereas 141 were lost. Of the remaining 870 individuals, 819 could be completely reevaluated, and 81 (9.9%) received a new diagnosis of dementia.
Evaluation of Cognitive Status
Cognitive status was evaluated at baseline and after 3 years of follow-up as previously described (27) by using a two-stage screening procedure. impaired cognitive function and dementia were ascertained using a two-stage screening procedure. During the home interview, participants were first evaluated using the mini-mental State examination (mmSe). additionally, participants who reported difficulty in performing activities of daily living or instrumental activities of daily living were asked questions aimed at understanding whether the cause of abnormality was cognitive impairment. those with a score of greater than 26 were considered nondemented, whereas those with a score of less than or equal to 21 were considered possibly demented and directly scheduled for the second-stage screening procedure. the participants with an mmSe score between 22 and 26 received additional neuropsychological tests assessing memory (paired words test), concentration/attention (digit test from the Weschler adult intelligence test) and visuospatial ability (the Caltagirone drawings). the education-adjusted normative data for these tests exist for the italian population. if based on these additional tests, the memory of the participant was considered normal, he or she was reattributed a full score on the mmSe memory items. analogously, we reattributed 5 points to the item "subtract seven five times from 100" and 1 point to the "pentagon drawing" when the performance in additional tests assessing analogous neuropsychological functions was considered normal. after this procedure, we reanalyzed the mmSe score. the participants for whom the new score was greater than 26 were considered "not demented," whereas those for whom the newly calculated score remained between 22 and 26 were scheduled for the second-stage screening. the second-stage screening was performed by geriatricians and a psychologist with long-standing clinical experience in the evaluation of older patients with cognitive impairment. the diagnosis of "dementia," independent of the etiology, was established using the Diagnostic and Statistical Manual of Mental Disorder (Fourth edition) criteria. Differential diagnosis between degenerative dementia, mainly aD, and vascular/mixed dementia was not performed because neuroimaging was not available in all subjects.
Clinical Chemistry Parameters
Plasma lipid levels were measured on serum from fresh samples drawn after 12 hours overnight fasting. Commercial enzymatic tests (Roche Diagnostics, Basel, Switzerland) were used for determining serum tC, triglycerides (tG), and HDL-C concentrations. the interassay coefficient of variation (CV) was less than 3.8% for tC and less than 5.0% for HDL-C. For tG, the lower detection limit was 4.0 mg/dL, the intraassay CV was 3.1%, and the interassay CV was 1.8%.
non-HDL-C was calculated by subtracting HDL-C from tC (tC − HDL-C). Lipoprotein (a) (Lp(a)) levels were measured in 1,002 individuals by enzyme-linked immunosorbent assay (mercodia, Uppsala, Sweden). Fifty individuals (4.7%) were taking statins or fibrates at the time of enrolment.
Markers of Inflammation
interleukin 6 (iL-6) was quantified by an immunoassay kit (BioSource Cytoscreen human iL-6 UltraSensitive kits, Camarillo, Ca). the minimum detectable concentrations were 0.10 pg/mL. the interassay CV was 7%.
Covariates
Anthropometry.-Weight and height were measured by using standard techniques. Waist circumference was measured to the nearest 0.5 cm by using a plastic tape at the shortest circumference of the waist between the lower rib margin and the iliac crest.
Dietary variables.-Data on dietary intake were collected by the questionnaire created for the ePiC Study (28, 29) . Daily caloric intake was adjusted for weight in order to normalize the value (kcal/kg).
Ankle-Brachial index.-the ankle-brachial index (aBi) was measured using a handheld Doppler stethoscope (Parks model 41-a, Parks medical electronics, aloha, OR). Systolic pressures were measured twice in the right brachial artery and in each posterior tibial artery (30) . aBi was considered pathological when less than 0.9.
Apo E polymorphism detection.-apo e genotype was detected on genomic Dna from blood leukocytes by polymerase chain reaction amplification of apo e gene, a successive restriction enzyme analysis with Hhai as previously described by Hixson and Vernier (31) .
Statistical Analysis
Continuous variables were expressed as mean (SD) or median (interquartile range). means were compared by the unpaired t test, whereas medians were compared by the mann-Whitney test. Prevalence was compared by the chisquare test.
Plasma lipids at baseline (t0) and after 3 years (t3) were compared by paired sample t test.
in order to select the variables independently associated with the risk of dementia, we calculated the odds ratio (OR) and 95% confidence interval (Ci) by means of multivariate logistic regression analysis.
the variables included into the logistic model for the likelihood of having dementia at baseline were age, gender, years of education, non-HDL-C, HDL-C, tG, plasma iL-6, e4 allele, aBi, daily alcohol consumption, stroke (yes/no), smoking (present/former/never), statin/fibrate therapy, and reported weight loss (>4.5 kg in the last year: yes/no).
Systat for Windows, version 5.0, and SPSS for Windows, version 7.0 (SPSS, inc., Chicago, iL) statistical packages were used for the analysis.
Results
the main characteristics of the sample are reported in table 1. Of the 1,051 participants, 61 (5.8%) were affected by dementia at baseline. Compared with normal individuals, subjects with dementia were older, had received less years of education, and had higher iL-6 levels; furthermore, aBi was lower whereas stroke prevalence was higher in these individuals. no differences were found in daily caloric intake (weight adjusted) and body mass index between the two groups. the prevalence of subjects who reported a significant weight loss during the last year was higher in subjects with dementia compared with controls.
Concerning lipoprotein profile, demented individuals had lower tC, non-HDL-C, and HDL-C levels, whereas no differences were found in tG and Lp(a) levels.
after adjusting for age, gender, and education, the likelihood of having dementia was inversely associated with tC levels ( When HDL-C, non-HDL-C, and tG were included into the same logistic model, only HDL-C was associated with the diagnosis of dementia (OR: 0.95, 95% Ci: 0.93-0.98; age, gender, and education adjusted).
in table 2 are reported the results of multivariate logistic regression analysis assessing the effect of plasma lipids and other variables on the likelihood of having dementia at baseline. We found that age (OR: 1.13, 95% Ci: 1.06-1.19), years of education (OR: 0.65, 95% Ci: 0.53-0.80), HDL-C levels (OR: 0.96, 95% Ci: 0.93-0.99), stroke (OR: 4.06, 95% Ci: 1.45-11.33), apo e e4 allele (OR: 2.48, 95% Ci: 1.07-6.14), and reported weight loss (OR: 1.21, 95% Ci: 1.07-1.38) were significantly associated with dementia, independent of gender, non-HDL-C, tG, iL-6, aBi, alcohol consumption, smoking, daily caloric intake, and statin/ fibrate therapy. Notes: aBi = ankle-brachial index; Bmi = body mass index; CHD = coronary heart disease; HDL-C = high-density lipoprotein cholesterol; mmSe = mini-mental State examination.
* median (interquartile range). Due to the small number of individuals with prevalent dementia (n = 61), we could not stratify the analysis by gender. nevertheless, we separately run the same logistic model (table 2) in men and women and obtained similar beta coefficients for HDL-C (women: −0.34; men: −0.55). Furthermore, we tested the potential interaction between HDL-C and gender, but the interaction term in fully adjusted model was not statistically significant.
at the 3-year follow-up, 819 individuals could be completely reevaluated; of them, 81 (9.9%) received a new diagnosis of dementia.
the main characteristics of the sample at the 3-year evaluation are reported in table 3. Compared with participants who remained nondemented, participants who developed dementia were characterized by older age and higher iL-6 plasma levels. Concerning lipoprotein profile, demented individuals showed significantly lower tC, non-HDL-C, and HDL-C levels compared with controls, thus resembling the lipid profile associated to dementia at baseline. By multivariate logistic regression analysis, we were able to confirm the results of baseline observation. indeed, we found that among plasma lipids, only 3 years HDL-C (OR: 0.97, 95% Ci: 0.95-0.99) was associated with 3 years diagnosis of dementia, independent of age, gender, years of education, alcohol consumption, smoking, stroke, apo e4, and iL-6 (data not shown).
Discussion
in this study we evaluated a large sample of communitydwelling older individuals with the aim of characterizing the lipoprotein profile of individuals affected by dementia.
When dealing with plasma lipids and dementia, it has to be kept in mind that cholesterol contained in the central nervous system (CnS) and plasma cholesterol form two independent pools, and modifications in plasma levels do not necessarily reflect modification in CnS pool. Of consequence, extreme caution is needed when considering the possible causative relationship between plasma lipids and dementia or vice versa.
at the baseline observation, we found that tC and its two major components (non-HDL-C: apo B-containing lipoproteins, and HDL-C: apo a-i-containing lipoproteins) were significantly lower in older demented participants compared with nondemented participants. these results agree with previous reports from clinical/epidemiological studies (5) (6) (7) (8) , and confirm that low tC might be a typical characteristic of late-onset dementia.
We had also the opportunity to evaluate a second group of demented individuals, that is, the subjects who were not demented at baseline but received a new diagnosis of dementia at the 3-year follow-up. again, data from the 3-year cross-sectional observation showed that demented individuals had low tC, non-HDL-C, and HDL-C levels. these findings might be considered as confirmatory of the baseline results.
the mechanisms accounting for low tC levels in subjects with dementia remain to be explained. Several hypotheses have been proposed including the presence of systemic inflammation, poor nutritional status, the association of dementia with poor general health, the effect of selective mortality bias in subjects with high tC and non-HDL-C, and a possible protective role of cholesterol against dementia.
We successively investigated in depth the relationship between different lipoprotein fractions and dementia. interestingly, by multivariate logistic regression analysis, we found that, both at baseline and at the 3-year follow-up, low HDL-C levels were associated with dementia independent of important confounders, whereas non-HDL-C and tG were not. these findings suggest that (a) among plasma lipids, low HDL-C might represent a more specific marker of the disease compared with tC and non-HDL-C. indeed, although low non-HDL-C might be a good (when lifelong) or a bad Note: adjusted for nonhigh-density lipoprotein cholesterol (HDL-C), triglycerides, gender, interleukin 6, ankle-brachial index, alcohol consumption, smoking, statin/fibrate therapy. Notes: Bmi = body mass index; HDL-C = high-density lipoprotein cholesterol; mmSe = mini-mental State examination.
* median (interquartile range). (in sick people) finding, low HDL-C is always an unfavorable finding, whether chronically or due to a recent disease; and (b) the association between low HDL-C and dementia might be not mediated by other conditions associated with the disease. Our data are in good agreement with previous studies reporting that low and high HDL-C values were associated with an increase (19) (20) (21) (22) or a decrease (23) in the risk of dementia, respectively.
in a large sample of individuals from the Leiden 85 Plus Study, van exel and colleagues found a significant association between low levels of HDL-C and cognitive impairment and dementia (19) . interestingly, the association was not merely due to the presence of cardiovascular disease or stroke.
in a previous cross-sectional study we found that older subjects with vascular dementia, but not individuals with late-onset aD, were characterized by lower levels of HDL-C compared with controls (22) .
By analyzing a sample of older individuals from the Paquid Study, Bonarek and colleagues found that elevated HDL-C levels were significantly associated with a decreased risk of dementia, after adjustment for apo e status and other potential confounders (23) .
the mechanisms associating low levels of HDL-C with dementia are unknown, and different explanations might be proposed. First, low HDL-C is a risk factor for atherosclerosis and stroke (32) , and both these conditions have been associated with dementia (33, 34) . Second, a low-grade systemic inflammation has been reported in subjects with dementia (35) , and during inflammation HDL-C levels significantly decrease (36) . third, HDL-C might decrease as consequence of reduced caloric intake and weight loss, as reported by the study conducted in Biosphere 2 (37) . Fourth, a strong association between low HDL-C and disability has been described (38) , and dementia is strongly associated with functional impairment (39) .
We attempted to minimize the effect of important confounders by adjusting for several dimensions in the multivariate analysis; we adjusted for a marker of systemic inflammation (iL-6), a standardized marker of atherosclerosis (aBi), reported weight loss, and the presence of coronary heart disease/stroke. nevertheless, we cannot exclude the possibility that some residual confounding was still present. Fifth and last, the reduction of HDL-C, as well as tC levels, might be related to the neurodegenerative pathology itself or to the associated condition of "poor health status." indeed, it has been shown that among older individuals with low tC levels, low HDL-C predicts total mortality (40) , and might represent a marker for poor health. the mechanism/s linking dementia and low levels of tC, and in particular of HDL-C, are unknown. it is possible that in subjects with dementia a dysregulation of hypothalamic activity might cause an increase in basal metabolic rate (BmR) as an attempt of the organism to cope with the neurological and metabolic dysfunctions caused by the disease. the increase in BmR could explain the reduction both in weight and plasma lipid levels and has been associated with increased mortality in older individuals (41) .
Finally, some limitations of our study must be acknowledged. First, we could not distinguish between different forms of dementia, particularly between aD and vascular dementia. although in older age the majority of cases with dementias are the consequence of multiple pathogenetic mechanisms, this distinction might be important when dealing with plasma lipids.
Second, we did not include in our analysis information about diet composition; it is possible that some individuals significantly change their food preferences as consequence of changes in smell and taste related to dementia.
third, because of the cross-sectional study, we cannot define any cause-effect relationship. in particular, we cannot distinguish whether, in older individuals, dementia might cause a decrease in HDL-C levels, low HDL-C might have a role in the pathogenesis of dementia, or a third unmeasured factor might cause both dementia and low HDL-C values.
in conclusion, among community-dwelling older people, individuals affected by dementia show significantly lower tC, non-HDL-C, and HDL-C levels. However, at multivariate analysis, only low HDL-C levels are associated with the disease. Our results suggest the existence of an independent relationship between dementia and low HDL-C. 
